This study was designed to determine whether an anti-estrogen can block the negative effect of estrogens on luteinizing hormone (LH) release and therefore decrease the postpartum interval in suckled beef cows. In Exp. I, eight suckled postpartum beef cows were randomly assigned to treatment and control groups. Treatment cows received 1 g/d clomiphene citrate (im) from d 21 to 28 postpartum, while control cows were injected with saline. On d 28 postpartum, there was no difference (P>.05) in mean total and basal LH concentrations or LH pulse frequency between treatment and control cows. All control cows exhibited estrus on d 52 + 3; treatment cows exhibited estrus on d 134 +-12 (P<.05). In Exp. II, 17 suckled cows were randomly assigned to three treatment groups: 1) control group (n = 6) receiving one empty implant, 2) 10-cm enclomiphene implant group (n = 5) and 3) 30-cm enclomiphene implant group (n = 6). The silastic implants were placed sc on d 20 and removed on d 29 postpartum. Mean total LH concentrations during d 24 to 29 postpartum in the 30-cm enclomiphene implant group were higher than the 10-em implant (P<.05) and control group (P<.05). The postpartum period in the 30-cm enclomiphene group (45 +-6 d) was shorter than the 10-cm implant (94 + 24 d) and control (96 +-20 d) groups (P<.05). Clomiphene citrate injected at the dose used in Exp. I extended the period of postpartum anestrus. However, when enclomiphene was administered in a 30-cm silastic implant, the postpartum interval was significantly reduced.
I ntroduction
The clinical use of clomiphene citrate, an anti-estrogen, was first reported by Greenblatt (1961) , who induced ovulation in anovulatory women. Clomiphene citrate has been shown to possess anti-estrogenic properties in humans and rodents, and can modify gonadotropin release by suppressing the negative feedback effects of estrogen on the hypothalamic-pitui-1 Scientific paper no. 7521. College of Agr. and Home Econ., Washington State Univ., Pullman 99164. This research was supported in part by USDA Animal Health Grant No. 83-CRSR-2-2185.
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s Dept. of Anim. Sci. Received August 22, 1986 . Accepted February 4, 1987 tary axis (Laufer et al., 1982; Katzenellenbogen et al., 1983; Miyake et al., 1983; Sgarlata et al., 1984) . However, this compound has not been reported to increase reproduction in domestic animals. The objective of this study was to determine whether an anti-estrogen can block the negative effect of estrogen on luteinizing hormone (LH) release and thus decrease the postpartum interval in suckled beef cows. Two approaches in terms of types and doses of anti-estrogens were used. Clomiphene citrate was administered to cows via injection (ira) in the first experiment. In the second experiment, cows were implanted (sc) with enclomiphene (cis-clomiphene) citrate packed in silastic tubing.
Materials and Methods
Animals and Treatments. In Exp. I, nine suckled postpartum Angus cows under the same pre-and postpartum management were randomly assigned to treatment (n = 4) and control (n --5) groups. One control cow was deleted because she was mistakenly injected with clomiphene citrate on d 26 postpartum. Treat-217 j. Anita. Sci. 1987. 65:217-223 ment cows received (im) i g clomiphene citrate 6 in a saline suspension once daily from d21 to 28 postpartum, while control cows (n = 4) were injected with saline alone. The dosage of clomiphene citrate used on an animal-weight basis was similar to that used in women. In Exp. II, 17 suckled crossbred beef cows under the same management were randomly assigned to three treatment groups. Cows in the control group (n = 6) received one empty silastic tubing implant. Cows in the one-implant group (10 c'm, n = 5) and three-implant group (30 cm, n ---6) received one and three enclomiphene silastic tube implants, respectively. Implants were placed sc on the shoulder on d 20 and removed on d 29 postpartum.
Enclomiphene implants consisted of silastic medical grade tubing (.335 cm id, .465 cm od, and 10 cm length) packed with approximately 150 mg of enclomiphene 7. The ends were sealed with 382 medical grade elastomer thinned as needed with 360 medical fluid (Acosta et al., 1983) .
Blood Sarnpling. In Exp. 1, blood for LH analysis was obtained via jugular vein cannula from all cows at 15-min intervals for 6 h after the injection on d 28 postpartum. In Exp. II, blood samples for LH analysis were collected via jugular vein cannula from all cows at 15-min intervals on d 20 for 6 h (before insertion of implant), d 24 for 6 h, d 29 for 6 h before removal of implant and for 3 h after removal of implant, d 30 for 3 h, d 31 for 6 h, and d 35 postpartum for 6 h. CollectiOn of weekly blood samples from each cow for progesterone measurements were started on d 28 and d 20 postpartum in Exp. I and I1, respectively.
In both experiments, visual observations for estrus were conducted twice daily in the early morning and late afternoon; weekly serum progesterone concentrations were used to determine the interval of postpartum anestrus. Progesterone levels over 1 ng/ml in serum were used to determine the presence of a functional corpus luteum.
Radioimmunoassays. All blood samples were allowed to clot at 4 C for 24 h, were centrifuged, and serum was stored at -20 C. Serum 6 Sigma, St. Louis, MO.
Merrell Dow Research Center, Cincinnati, OH. s Amersham Co., Arlington Heights, IL.
LH was determined by a previously validated double antibody RIA (Golter et al., 1973) . Results are expressed as units of NIH-LH-B7. Intra-and inter-assay coefficients of variation for the LH assay were 11 and 15 %, respectively. Mean total and basal LH concentrations, number of LH pulses (per cow in 6 h), and amplitudes of LH pulses and surges were calculated. Luteinizing hormone pulses were identified by the methods described by Acosta et al. (1983) in which a pulse was defined as a peak that was 50% higher than its adjacent nadir with a minimum of two points decreasing after the pulse. Basal LH concentrations were calculated using all values after removal of the ascending or descending portions of all pulses. Pulse amplitudes were determined by subtracting the nadir value from the highest value associated with the pulse.
Progesterone was measured by a validated RIA using [1,2,6,7-3H] progesterone s as tracer, and using charcoal to separate free from antibody-bound tracer. The progesterone antibody was produced from rabbits immunized against progesterone lla-hemisuccinate-bovine serum albumin (VLE rabbit #4). The cross-reactivities of various steroids in the antiserum were as follows: 11&-hydroxy-progesterone (60%), corticosterone (2.5%), desoxycorticosterone (1.5%), 17&-hydroxy-progesterone (1.3%), 20&-hydroxy-4-pregnen-3-one (.3%), 20/3-hydroxy-4-pregnen-3-one (.1%), pregnenolone (.08%), testosterone (.05%) and estrone (.02%). Intra-and inter-assay coefficients of variation for the progesterone assay were 2.4 and 14.5%, respectively.
Statistical Analysis. In Exp. I, LH and postpartum interval data in the treatment and control cows were evaluated by Student's t-test. Data were grouped into three periods: d 20 postpartum (designated before-implant period), data from d 24 and 29 were pooled (designated during-implant period), and data collected on d 29 after implant removal through d 35 were pooled (designated after-implant period). Preliminary analysis of serum hormone data of each period using a completely random splitplot design with cows within treatments as the main plot and repeat bleeding periods as the subplot showed an interaction (Steel and Torrie, 1980) . Therefore, treatment differences were analyzed separately for each period using a completely randomized analysis of variance; Duncan's test was employed to evaluate differences between treatments. Number of LH pulses and number of cows that had pulses were anal-yzed using Student's t-test and chi-square test, respectively.
R esu Its
Exp. I. There were no differences (P>.05) in the mean total and basal LH concentrations between treatment and control cows (table 1) . Also, LH pulse frequency was similar (P>.05) between treatment and control cows (0 and 1.3 + .8, respectively). Two (cows 1 and 2) of the four control cows had LH pulses in the 6-h bleeding intervals on d 28 postpartum; none of the treated cows exhibited LH pulses (figure 1). Based on twice-daily estrous-check data and weekly progesterone concentrations, all control cows exhibited estrus between d 48 and 59 postpartum and resumed normal estrous cycles. In contrast, treatment cows exhibited estrus between d 119 and 169 postpartum (P<.05 ; table 1). The control cow that was inadvertantly injected with clomiphene and subsequently deleted from the control group did not have any LH pulses during the 6-h bleeding on d 28 postpartum and returned to estrus on d 97 postpartum.
Exp. II. There was no difference in mean total and basal LH concentrations (figures 2 and 3), number of LH pulses, and number of cows having LH pulses in the control, 10-cm and 30-cm enclomiphene implant groups on d 20 before treatment was applied (P>.05). Mean total LH concentrations in the 30-cm enclomiphene implant group were higher during the implant period than the 10-cm implant and control groups (P<.05). Basal LH concentrations in the 30-cm enclomiphene implant group on d 24 to 29 were higher than the 10-cm implant (P<.05) and the control groups (P<.14). No difference was observed between the 10-cm implant and control groups in terms of treatment effect and interaction of time with treatment (P>.05). In the 30-cm enclomiphene implant group, three cows showed typical preovulatory LH surges during the implant period with an amplitude of 54 to 80 ng/ml. Cows with a 30-cm enclomiphene implant had higher concentrations of mean total (figure 2) and basal LH (figure 3) during the implant period than the before-or after-implant periods (P<.05). Two of these three cows had increased circulating progesterone within 10 d of the LH surge. This progesterone lasted approximately 18 d before estrus was detected. This was considered the first estrus for these two cows. Cows were not checked for estrus after the detection of first estrus. No such difference was observed in the 10-cm implant and control cows (P>.05; figures 2 and 3). There was also no difference in the number of LH pulses among the period before, during and after enclomiphene implantation in each group. The interval from parturition to first estrus was shorter (P<.05) in cows with 30-cm implants (45 + 6 d) than in control cows (96 -+ 20 d) and cows with one implant (94 + 24 d).
Discussion
The nature of clomiphene citrate action in the cow is not well-documented. It is generally accepted that the first endocrine event attributable to the administration of clomiphene citrate in women is the increase of circulating gonadotropins and estrogens leading to follicular maturation and ovulation (Ross et al., 1970) . Clomiphene citrate can also stimulate ovulation in the female rat (Docke, 1969; Schwantje and Tau- bert, 1971). However, the results of Exp; 1 were not consistent with those observed in rodents and humans. Clomiphene citrate at the dose in this experiment (1 g/d for 8 consecutive days) unexpectedly extended the period of postpartum anestrus, although there were no apparent differences in mean LH concentrations or LH pulse frequency. A tendency of fewer LH pulses was observed in the clomiphene citratetreated cows, which might have contributed to the prolongation of the postpartum period. The reason that the postpartum period was extended in the clomiphene citrate-treated cows is not clear. The dose given to the cows was calculated from that clinically administered to women on a body-weight basis. Clomiphene citrate has been used clinically for the treatment of infertility in women with an oral dose varying from 24 to 200 mg daily for periods of a few days to a few weeks (Murad and Haynes, 1985) . Since the circulating estrogen levels in humans are approximately 100-to 200-fold higher than concentrations in the cow, the cow could be more sensitive to estrogen actions. The level of clomiphene citrate used in Exp. I was therefore suggested to have an overdose effect, resulting in an extension of the postpartum period in the cow.
High doses of clomiphene citrate have also been shown to inhibit LH and follicle stimulating hormone (FSH) release, while low doses either stimulated release or at least facilitated luteinizing hormone releasing hormone (LHRH) action in the rat (Schally et al., 1970; Koch et al., 1971) . Administration of high-dose clomiphene citrate in primates (equal to 200 to 240 mg daily for 5 d, on a body-weight basis, to women) caused a marked decline in estradiol production and delay in ovulation (Marut and Hodgen, 1982) . In addition, the effects of clo- miphene citrate on increasing ovulation rate in sheep were not significant and were inconsistent, especially in relation to dose (Land, 1979) .
No generalization can be made concerning the actions of clomiphene citrate. Clomiphene citrate has been shown to exhibit both estrogenic and anti-estrogenic activity from one species to another, as well as in various organs, tissues and cell types (Clark and Markaverich, 1982) . Adashi (1984) proposed that profertility effects of clomiphene citrate on the reproductive axis may be the sum of its direct effects at the hypothalamic, pituitary and ovarian levels. Clomiphene treatment in the rat increased LHRH in the blood, as reviewed by Clark and Markaverich (1982) . Hsueh et al. (1978) found that clomiphene citrate sensitized rat pituitary cells to LHRH; however, increases of LH concentrations induced by LHRH in the ram were suppressed by treatment with clomiphene citrate (Burchett et al., 1982) . Clomiphene citrate en- hanced gonadotropin-stimulated estrogen synthesis in cultured rat granulosa cells (Zhuang et aI., 1982; Welsh et al., 1984) , but inhibited progesterone biosynthesis (Sgarlata et al., 1984; Welsh et al., 1984) .
In Exp. II, a silastic implant containing enclomiphene was used. Enclomiphene was believed to have better anti-estrogenic properties as compared with either clomiphene citrate or zuclomiphene (trans-clomiphene) (Nagel et al., 1970; Hsueh et al., 1978; Huang and Miller, 1983) . The delivery system of a silastic implant was designed to release a low and constant amount of enclomiphene into the circulation.
The results of Exp. II were opposite to those observed in Exp. I. Cows implanted with a 30-cm enclomiphene in implant showed first estrus earlier than the 10-cm implant group and control group. Three cows in the 30-cm implant group exhibited a preovulatory LH surge during the implant period, although behavioral estrus was not observed. Due to these LH surges, mean total concentrations of LH during the implant period were significantly higher than before implantation or after removal of the implants. We do not know if this LH surge was a treatment effect because these three cows all exhibited a pulsatile LH release on d 20 post-partum before treatment, which may have contributed to the subsequent LH surge. When the LH surges were removed, the basal LH concentration was still higher (P<.05) in the treatment group. The higher basal LH levels caused by treatment would suggest this as a mechanism of action of enclomiphene in shortening the postpartum interval.
A marked difference in time to first estrus was observed between the control cows in Exp. 1 (52 + 3 d) and the control cows in Exp. II (96 + 20 d). A possible reason for this observed difference could be attributed to the differences in environmental conditions between the two experiments. Exp. I and II were conducted during early summer and mid-winter, respectively.
The results of Exp. II support the concept that estrogen exerts a negative effect on the hypothalamus in suckled postpartum cows. The hypothalamic content of LHRH (Carruthers et al., 1980) and pituitary content of LH (Waiters et al., 1982) have been shown to be similar in both suckled and nonsuckled cows. The ability of pituitary cells to respond to LHRH (Moss et al., 1985) and estrogen (Peters, 1984) has been demonstrated in suckled cows as early as d 10 postpartum. Waiters et al. (1982) suggested that suckling prolongs the postpartum interval of beef cows by reducing the frequency of pulsatile LHRH release. Acosta et al. (1983) further proposed that suckling increases the sensitivity of the hypothalamus to the negative feedback of estrogen, thus inhibiting the secretion of LHRH and LH. The results of Exp. II, using an anti-estrogen to neutralize the negative effect of estrogen on the hypothalamus, support the model of Acosta et al. (1983) .
In conclusion, the effects of doses and types of anti-estrogens were demonstrated in the cow. Clomiphene citrate extended the postpartum period and tended to decrease the number of LH pulses. However, an enclomiphene implant inserted from d 20 to 29 postpartum significantly reduced the postpartum anestrous period.
Literature Cited
